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Transient re g pons c data obtained fro n the flight tests of 
an ?-30A airplane were analysed for the longitudinal stability 
derivatives by the Equations of Uotion Hethod in order to de- 
termine whether or not the method is practicable# Other con- 
siderations include the possibility of determining the moment 
of inertia of the aircraft from transient response data and a 
relative evaluation of the typo of input that should be used to 
obtain the transient data. 

All data considered were obtained at a constant center of 
gravity position and essentially the same altitude and Mach 
Humber. 

The method is considered to be a practical moans of obtain- 
ing the longitudinal stability derivatives of an airplane pro- 
vided certain precautions are observed. The accuracy of the 
moment of inertia determination is somewhat less than that ob- 
tainable from ground tests. In general the step function data 
yielded better results than the impulse data. 

The values of the stability derivatives and the inertia 
parameter, h, are as follows: 
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Step Input 


impulse Input 


, per radian 


6.22 


3.91 


C n . , per radian 

O 


-0.96 


—0 . 36 


, per radian 


-0.32k 


-0.357 


, per radian 


- 0.023 


-0.033 


> per radian 


-0 «0kk 


-0.027 


h 


t 0.013 


-f 0.010 
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II ITRODUG TIOI I 

In recent years a groat deal of attention has been directed 
toward dc to mining tho stability derivatives of missiles and 
airplanes. Steady-state testing techniques and Triad tunnel 
information are used effectively to determine the stability 
characteristics for subsonic aircraft. However, with the coming 
of jot and rocket powered aircraft and with the resulting transonic 
and supersonic speeds, it has become increasingly difficult to 
obtain reliable information from wind tunnel tests. Also the 
inherent difficulty in achieving steady flight conditions' in 
the transonic and supersonic speed ranges, combined with the 
relatively brief testing period available, severely limits tho 
use of steady-state testing procedures. It is, therefore, highly 
desirable that some satisfactory means of analysis of transient 
resjionse data bo developed. 

Present day methods of analyzing transient data can be 
broadly classified as follows: 

(1) Methods dependent upon the solution of the equa- 
tions of motion of the airplane 

(2) Curve fitting methods 

Outlines of the variations in each of the above classifica- 
tions may be found in Ref. 1 and 2. 

The primary objective of the presont investigation is to 
determine the feasibility of analyzing transient response data 
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by the "Equations of Notion Ifethod" in order to determine the 
longitudinal stability derivatives of an airplane. Secondary 
considerations include (1) the relative nerit of the response 
to an impulse input as compared to that of a step input and 
(2) the possibility of determining the moment of inertia of 
the aircraft from the equations of notion. 

Transient response data for an F—80A airplane tic re obtained 
from Cornell Aeronautical Laboratory, Inc., (Fig. 1 and 2). The 
flight testing was performed by Cornell Aeronautical Laboratory, 
Inc., and information pertaining to the instrumentation and 
method of tests can be obtained in Ref. 3. 

The present report is limited to an analysis of two sets 
of data consisting of the response due to an impulse input to 
the elevator and the response due to a step deflection of the 
elevator. Hie stability derivatives obtained are compared to 
theoretical values and those previously determined from steady 
state oscillation data by Cornell Aeronautical Laboratory, Inc., 
(Ref. 3) 

The liach Ifumber, altitude, and eg position are .essentially 



the same for each run. 
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COlJVlirlTIOIIS 



'Hie wind axes or stability axes are used. The origin 0 
lies at the center of gravity of the airplane. The OX and OZ 
axe 3 lie in the plane of symmetry and OY is perpendicular to ■ 
it. The OX axis always points in the direction of motion or 
into the relative -.rind. 

X axis, or longitudinal axis, positive forward 
, Y axis, or transverse axi3, positive along the right wing 
Z axis, or normal axis, positive downward 

LC-rZAIt DIOFLACELTZiITS 

A linear displacement along a positive reference axis is 
considered to be positive. 

ANGUIAA DlGHiAC d. IZMT2 AID IDUIUTG 

An angular displacement or moment which is clockwise when 
viewed from the origin looking along a positive reference axis 
is considered to be positive. 

VZLOCITIXS All) ACCKLlilATIONS 

Velocities and accelerations, either linear or angular, are 
considered positive in the sane sense as the corresponding dis- 
placements'. 
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CONTROL SUR7ACR DIffLEC'-IONG 

Positive elevator angle is associated with a dovmnard move- 
ment of the elevator trailing edge. 



TAIL LOAD 

Positive tail load is associated with a downward load on the 
horizontal tail. 



NOTATION 



The symbols used in this report are essentially those employed 
by the National Advisory Committee for Aeronautics. Symbols per- 
tinent to this report are listed below for convenience: 

V 0 true airspeed, ft. per sec. 

q pitching velocity, radians per sec. 

-y moment of inertia about Y axis, slug ft.~ 

Ky radius of gyration about Y axis, ft. 

m mass of airplane, slugs 

IT weight of airplane, lbs. 

c mean aerodynamic chord, ft. 

2 

g acceleration of gravity, ft. per sec. 

S wing area, xt.^ 

t time, sec. 

n f incremental normal acceleration, g's 

vring angle of attack, radians 

s 



elevator deflection, radians 
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e 

9 

e 

A 

r 

d 



h 




Cra d* 



Cn d0 

°ia f 

de/d oc 
it 

% 

1 



T 't 

°»t 



doT.WPsh angle, radians 

angle of pitch, between X amis and the horizontal, 
radians 

O 

mass density of air, slugs per ft,- 5 
airplane density factor , M ~ m /g S c 
aerodynamic time unit, see., T" = n /f -S V 0 
differential operator, d = d / di. e “T (d / dt) 
tail ?_ength, ft. (c.g* to 2y/ tail chord) 

2 

initial airplane lift coefficient, Cg = XI / y £ 5 V Q 

airplane moment coefficient, Cj^ a y. J r a S V D ^c 

2 2 

moment of inertia parameter, h •» Zlly / M. v 
slope of the lift curve, Ip - dCp / da: 
static longitudinal stability criterion, = dG, n /dc< 

rate of change of pitching moment coefficient with 

rate of change of angle of attack irLth re- 
spect to t/*r 

airplane damping in pitch 

elevator control porner, C n » <) &, A /<) £ 

£ 

rate of change of dowTnvush vrith respect to ®c 

angle of incidence of the tail, radians 

rate of change of moment coefficient with respect to i-j. 

observed tail load, lbs. 

moment arm of observed tail load, ft. (c.g. to /Q/j 
tail chord) 

weight of tail outboard of strain gage fittings 
tail load coefficient, Cjj t - 11^ /.: g V Q S 



0 




"\ 





y Subscript, 1, denotes that the stability deriva- 
tives are for the "tail-off" airplane. 




J 
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THEORY A! ID ANAEZSIS 

lb 3 t of the applications of mathematical analysis to the 
motion of an airplane have been for the purpose of determining 
the airplane's response to a disturbance. This study considers 
the inverse of the above problem, that is, the determination of 
the stability derivatives of the airplane from the longitudinal 
equations of notion when response information is given. 

In setting up the longitudinal equations of notion the 
following assumptions were made: 

(1) The airplane remains at constant airspeed. 

(2) The equations are linear with constant coefficients. 

(3) Measurements of the forcing function and responses 
are subject to random errors only. 

Because of the first assumption, the longitudinal equations 
of motion for the short period transient response may be written 
in terns of the lift and moment equations only. 



( 1 ) 



°Lce 

2 



c£ 4* d 



d & 



<f ^ c 

nJT 8 



(2) C^oC-f Sd* doC + C ftdpde - = - Ca <f 



Since incremental normal acceleration, r^, is more readily 
determined in flight than angle of attack, 06 , the following re- 
lation can bo utilized to incorporate in place of oC . 



( 3 ) cC = - 



JL 

°LoC 



C L ~ .Sf 
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Also, since the pitching velocity is usually measured by the 
rate gyro in terns of q - d Q /dt, the following relation may 
be used for d 0 . 

(ll) d0 ■I'q 

Substituting Equations (3) and (U) into Equation (1), the 
lift ecruation becomes 



(£) C L % -f- C L dn^ +TC LoC q - 'TJ dJ = 0 

2 It /c 

V/ith ng, dn z , q, and d <f available from the transient response 

data, can now be determined. G n ^ can also be determined 

from the above equation, but its accuracy will be limited by the 

fact that it appears in a constant coefficient that is quite a 

small number. 

For convenience, Equation (3) is regroubed in the following 

form: 



( 6 ) 



°L 






v +- dr^ - 



*t /c 



d df = 0 



iviie re 



(6a) v = . .°.h ... ru + f q 
2 



Because of the relatively poor rate gyro measurement of q 
on the oscillograph as shown in Fig. 1 and 2, the use of q in 
the solution of the moment derivatives is avoided. By solving 
for d 9 in Equation (l) and substituting d & and also oC from 



n 



Sanation ( 3 ) into Equation (2) the moment equation becomes 



C L 

(?) ( G ra oC + -Tp- C^dS ) n z + ( c md 0 c r ” h ~ — ^ dn2 



- hd^n z - — (C T a +-JL C L^) ^ 



it /c Cj 



l oC C 



1 /n „ ^ f , / ^ h 



It h C L 



Gln d^ )d< ^ I^7c “ )d ^ = 0 



In order to avoid the inherent inaccuracy of determining second 
derivatives from the transient response data. Equation (7) is 
integrated once. Hie resulting moment equation is as folio-, vs : 



q^L r q 

^ ^ C m oc + -tr— C I-T d& ^ ^ C ^dcc^" ” h -~ 1 ) n z 



- Iidn z - 



Cm 



C„ 1 

Of 

it7S c^ - 

1 



it 



«W+-<W K 4 ‘4 

■'n ^ h 



cc ‘ c • L,fl C ‘ 

C r 



" ~ l ) S + ( Tf7H = 0 



Jith the inertia parameter, h, and all the response data knov. 11 , 
this equation can be solved for the "lumped constants" or com- 
binations of moment derivatives. 

In order to determine uniquely the values of the moment 
derivatives, the additional equations required are found by use 
of the observed tail load, as suggested by def. U. "Juppose 
that the horizontal tail of the airplane vrere totally ineffective 
in producing any aerodynamic forces or moments on the airplane . 
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Suppose then that the airplane in this condition were subjected 
somehow to loads at the tail exactly equal to the tail loads ob- 
served in any practical maneuver. It is evident that the response 
would be exactly the observed one." The longitudinal equations 
of motion for the airplane in this condition are 



(9) ^ 



1 + dot - d 0 - — =0 



o£ 



(10) +• doctCj^^ d$ - hd ^0 ~ - — — Cnt 



Hie equation of cd in terms of n^ now becomes 



(11) °d = 



'Lod 



n t 



Substituting Equations (I;.) and (11) into Equation (9), the 
"tail-off" lift equation becomes 



( 12 ) 



C L 



■Xcc 



dy = r q + 1 - 



°L 

-»r 7 



where (12a) 



7 = C L C nt “ ** 



’.,'itli all variables known from the transient response data, 
Ct , may be uniquely determined. 



By solving for d & in Equation (?) and substituting d 9 and 
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also cC from Equation (11) into Equation (10) the "tail-off" 
moment equation becomes 



Since the derivative Cn^ is small enough to be considered 

negligible, it is omitted hereafter. 

Once again, to avoid determining second derivatives from the 
transient response data. Equation (13 ) is integrated. The re- 
sulting equation is as follovrs: 





1 1 





1 





1 



2 




1U 



where vr - (dy - ~ ^ -*- J OM;)l°yed for sinplificati 



.on 



of calculations. 

In tic last coefficient of situation (ll;) the tern 



r -il£ 



is snail compared to l/c and is onittod. Elis allov.'S for the 
solution ox h and hence the moment of inertia, ly, from the 
flight test data. 

VJith all the response data variables laiown, Equation (lit) 

can be solved for h, C, aoc , and C,-^ ^ . 

1 1 



It is now possible to set down six equations from which 
the unique moment derivatives nay be found. 



(l5) °n«. * ^ + Sit f 1 ~ TZ~ _ 



CS) . C„ d9 + L. h- Po^ 

1 



<*** « 



_ 1 . ^ n d £ 

M C “it d oc 



(13) - h 

from Equation (0) 



"T,oC 



= Gonotant, coefficient 



(id v + Jpe 



Equation (8) 



° Constant, coefficient from 
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0^1 

(20) ' j L (C„ 1 ' t Ct ) = Constant, coof- 

n «^~ L * 

ficient fron Equation (3) 

These six simultaneous equations can be solved for the six un- 
xnowns, » '^-Vl oc > g > > a ^id d£/doC . 

Tiae solutions of the equations to determine , h, the 
"tail-off" coefficients, and the combined moment derivatives 
all depend upon the use of redundant data. The method of least 

squares is employed as the procedure in handling the redundant 
data. The authors are well aware that the nothod of least squares 
is not applied in a rigorous fashion. Although all errors in 
the data were considered random, it is quite possible that 
systematic errors are present. 

In some instances variables are combined to form new va- 
riables (Equations 6a, 12a) . Also the errors are assumed to be 
in one variable only. (Gee Appendix C.) However, it is believed 
that application of least squares as used throughout the analysis 
is a reasonable way of determining the stability derivatives 



from the redundant data 



RESULTS AND DISCUSSION 



The results of this investigation are presented in the tables 



below. Results 


of previous 


investigations 


from both theoretical 


analysis and flight test data are also presented for comparison. 




'^Analytical ^Trevious 


Step Function 


* ,H *Impulse 




Results 


Flight Tost Results 


Function 






Results 


(Run 3301 ) 


Results 
(Run 3063 ) 


Jt 


6 . 1*3 


6.19 


6.22 


3.91 




6.12 


3.8 


3.9 3 


6.37 


h 


0.0133 


— 


0.0130 


0.0100 




0 


wide scatter - 0.0102 
-0.0121* to 


0.0176 






+ 0.21*8 








o.# 


0.1*8 


0 . 1*33 


0.397 


C Xc + -r Cc Vi© 


— 


- 0 . 1*03 


- 0 . 1*39 


- 0.1*61 


9 ** h 


— 


- 0.090 


- 0.1011 


- 0.103 


i-CCn^fCj. 




4 * 0.0 


4 * 1.16 


4 * 1*. 23 


It /c C L * 


c ' 








Cn <f 


- 0.63 


- 0.36 


- 0.96 


— 0.86 


C m oc. 


- 0.29 


- 0.33 


- 0.321* 


- 0.337 


^Vklcc 


- 0.012 


' - 0.022 


- 0.023 


- 0.0333 


°nd 6 


- 0.02U 


- 0.032 


- 0.01*1* 


- 0.0268 


°ni t 


- 1 . 71 * 


- 2.1*1* 


- 2.1*1* 


- 3.08 


d^/dcC 


4 - 0.31 


•f 0.63 


+ 0.683 


+ 0.736 




c.g. ■ 273 


MAC n 


= 0.707 




Approximate averages obtained from Ref. 3. 







lift due to the deflection of the elevator was omitted in de- 
termining moment derivatives. 

A 

“ Derivatives are per radian. 
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As noted from the above table, the results of this investi- 
gation, for both the step function and the impulse function, are 
numerically conparable to those obtained previously, iron these 
results it appears that the method used to analyze transient 
response data is practical and, with certain precautionary meas- 
ures to be discussed throughout this section, the derivatives 
obtained are comparable in accuracy to those determined from 
frequency response methods. 

Hie oscillograph records of the transient response data 
are shown in Fig. 1 and 2. All values of the basic variables 
therein were talon within a one-see onu interval after the elovato 
deflection was applied. The one-second interval liras divided into 
twenty equally spaced points at which the readings of the vari- 
ables were taken. Hie readings of pitching velocity and tail 
loac were corrected for calibration error and the effect of tail 
weight in Appendices A and B, respectively. 

The rate gyro measurement of q was exceptionally poor. The 
oscillatory q response was faired as shown in Fig. 1 and 2. For 
this reason the q data was used only where necessary, that is, 

in the calculation of and Cp ^ . 

1 

tospor.s e to the Step Deflection of the Elevator 

For the calculation of C L , C L , h, and the "tail-off" 

ec JJ ° ! ' q 

derivatives, data, at Points 3 through 20 were used in the least 

squares solution. The values of Ct ^ = 6.22 and Ct,^ «* 5.93 

agree quite well with the values C LcC a 6.19 and = 5.3 

1 
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obtained previously. However, the inertia parameter, h - j • )1;.0, 
is approximately 12 per cent higher than h = 0. >133 as calculated 
from the previously hnovm value of moment of inertia . There is 
no apparent reason for tic discrepancy, and from a theoretical 
vic'.rooint it should be possible to obtain sufficiently accurate 
values of the inertia parameter. 

Appends: D contains a more simple equation iron -..iiicu h 
can be determined. This equation could not be u-ed to advantage 
in tie present csiolys'is because of its dependency on accurate 
rate gyro measurements of pitching velocity . 

The combined moment derivatives vrere obtained by the solu- 
tion of Squation (3) of the Theory and Analysis sect '.on of this 
report. Values of the basic variables vrere tu.;cn at tne even 
numbered points in Vi . 1. The number of points used in the 
least squares solution vrao reduced to ten in order reduce the 
amount of calculations involved. 

An inspection of Tig. 1 indicate s that the slope of the 
elevator response is practically negligible subsequent to Point 2. 



A first attempt at reading the slope after feint 2 gave a maxi- 



mum and nin5xa.ua drf = £0.300221 per radian. ..non those very snail 
values of utf vrere used, completely absurd results for the com- 
bined nonont derivatives vrere obtained, i’ovrevor, vrh.cn the value 
of d cf =0 vras assumed, the values of the combined moment deriva- 
tives vrere reasonable. The discrepancy in the result*, can be 
expla 'ned by the fact that d cf i*> such a small number that a 
very slight error in magnitude may be large percentage vase. In 
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the solution of the simultaneous equations the d <S term must 
bo eliminated in order to obtain the combined derivatives. As 
tills proces's is dependent upon either a division or a multiplica- 
tion, it is the^ percentage error that carries through. Also, as 
oho entire solution depends upon the subtraction of relatively 
j arge numbers to obtain a small, number, a large percentage error 
ii dtf causes completely erroneous results. Therefore the as- 
t» notion of d 6 =0 was used to calculate the tabulated results . 

Trie individual stability derivatives are in close agreement 
vr'/h those previously obtained although both ^ and are 

so r.viiat high. In the calculation of the moment derivatives, 
vri j , the exception of C in ^ , the value of ^ was found to be 
imp rtant. (Tnis applies especially to the impulse data and is 
bro fnt out later in this paper.) 'Tie previous results obtained 

fro: oscillation data indicate that Cma# is very close to zero. 

1 

In o ’ ler to de to mine the effect the magnitude of has on 

the -v lues of the moment derivatives, vras assumed to 

equal :ero. Tne table below indicates these results. 



°radd , = "°* 



0102 



Onde J " o 



Cj , per rad. 
if 



On 



cC 



Cv t 

X 

^it 

d £ /c_ cC 



- 0.962 

-0.321* 

-0.023 

-o.oi*l; 

- 2 . 1 * 1 * 

0.633 



—0.963 

-0.339 

- 0.028 

-0.039 

-2.32 



0.719 
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In general the results obtained fron the - ten function 
data arc considered to be good representative values of the 
stability derivatives of the ?— 30A aircraft. 

Acs ions e to the Ir.nuloo Deflection of the flevator 



Tne values of = 5.91 and a 6.37 do not agree 

with either previous result- or theory, those results wore 
obtained fron an analysis of Points 2 through 20, excepting 



Point 10. As the difference between Ct, and is due 

1 

to the tail lift, it would be expected that would be greater 

th.an C . A possible erqilanation might be that the poor pitch- 
ing velocity data caused the discrepancy. As the difference be- 
tween Cj, and Gp„ should be very snail, an average value of 

*1 

= =s 6.13 t/us assuneu for use in subsequent calcula- 

tions . 

Hie values of h and the ''tail- off" derivatives wore found 
to vaiy somewhat from the results obtained by Cornell Aeronautical 
Laboratory, Inc. In particular h « O.JIO was obtained as con- 
parcu to h = 0.0133 obtained previously, and h = 0.015 as deter- 



mined fron analysis of the step data. , in this caso, 

changed sign to = 0.03.76* * This v.luo, although well 



within the range of the scatter obtained by frequency response 
analyses, causes some trouble in the determination of the actual 
derivatives. This point is discussed later in this section at 



sonev-iiat greater length. 

In the case of the impulse, as well as 



wifn the step, snail 
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terns rrcrc troublesome * A first attaint to analyse the data at 
points evenly divided throughout the range (even numbered Points 
2 through 20) ended in absurd ansrrcrs for the coubincd constants. 
Hot, ’■ever, by nalcing the assumption that the lift due to the de- 
flection of the elevator as negligible, the tabulated results 
v.'ore obtained, The above assumption is reasonable because the 
elevator is deflected for a very short tune only, file use of 
the assumption in effect causes d<f - <f ** 0 for all points, 
and thus eliminates the difficulties of small numbers, as pre- 



viously discussed. 

The effect of on the calculations of the stability 

parameters is quite pronounced. If, as nas done in the consid- 



eration of the oten function, Cj va is assumed to be C - , , a - 0, 

1 l 

the derivatives change in the manner indicated bclou;: 





Previous 

Results 


C W s 0 

1 


= O.nl |’6 


C n , per rad . 


—0.86 


- .36 


-0.36 


c moC * per rad * 


-3.36' 


-0.331 


-0.357 


> P er rad * 


-0,022 


-0.025 


-3.0335 


C ^0 , per rad. 


-0.032 


-0.0351; 


-0.0263 


c m it * per rad. 


-2.!;U 


-2.56 


-3.08 


d £ /d oc 


0.68 


0 . 70 U 


0.756 
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The above table indicates that possibly the value of 
should be closer to zero. At ary rate it is evident that the 
success in the method of analysis used is dependent upon the ac- 
curacy of • 

1 

A comparison of the results obtained from the transient 
data vith those previously obtained from frequency response 
data indicates that possibly the step function data is best 
suited for this type of analysis. This result is as expected, 

as the equations used depended to a great extent upon the values 

» 

of integrals. The step function data yielded larger integrals, 
and the errors in measurement are smaller percentage vise. IIov:- 
ever, if the equations of Appendix D are utilized, the impulse 
nay be as good as the step function. 

Another consideration might be that the frequency content 
of a step function is quite lov as compared to that of an impulse 
in the high frequency range. This has the advantage that any 
higher order effects (important at high frequencies) that no re 
neglected from the equations of notion vri.ll be unimportant. IIcht- 
ever, the frequency content of a step function is very high in 
the Ion frequency range. As phugoid frequencies are also lorr, 
precautions must be observed to see that the assumption of con- 
stant airspeed is valid. 
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The results of the present investigation lead to the fol- 
lovring conclusions: 

1. It is feasible to obtain the longitudinal stabil- 



of Analysis of Transient Response Data." 

2. The stop function data yields better results than 
impulse data if the equations used depend upon integrals, as 
they did in this study. This is not necessarily true if varia- 
tions of the equations of motion are used in vrhich integrals 
are not involved. 

3. hath good instrumentation it should be possible 

to obtain the inertia parameter h, and thus the moment of inertia 
of the airplane by transient response analysis. 

li. Reasonable values of the longitudinal derivatives 
of the F-<30A for a I.Iach Number of M = 0.707 and a eg position 
of 27^ MAC are: 



ity derivatives of an airplane by the "Equations of Ibtion method 




6.22 / radian 




-0.96 / radian 



C, 



- 0 . 3 2 b / radian 




-0.023 / radian 



°ad 9 



-O.OiiU / radian 



9. The use of the "Equations of Ibtion Lbthod" is 



2k 



dependent upon snail differences of large numbers so that va- 
riables of very snail magnitude mat be avoided vrhere possible* 

6. The accurate evaluation of . is very important 

1 

in the subsequent calculation of the moment derivatives in the 
method used in this investigation* 

Recommendations : 

1. Additional flight data should be analysed by the 
method outlined in this reoort in order to develop the method 
further. This additional data should include information at 
various Inch numbers and center of gravity positions. 

2. The equations outlined in Appendix D should be 
utilised, provided the instrumentation gives sufficiently ac- 
curate pitching velocity response. 






25 



REFERENCES 

1. H. Greenberg. A Survey of Methods for determining stability 

Parameters of an Airplane from Dynamic Plight Measurements . 
National Advisory Comittee for Aeronautics Technical Note 
No. 23kO dated April, 1951. 

2. 3. deckel. Discussion of Dynamic stability Plight Data 

Analysis Procedures Suggested by R. S. Jv/anson and 1IACA 
Ames Laboratory Personnel. Cornell Aeronautical Laboratory 
Plight Research Memorandum No. 97 dated 10 February, 1 93*0. 

3. P-. C. Kidder. Dynamic longitudinal stability Flight Tests 

of an P-0OA Airplane by the Forced Oscillation and step 
Function Response Nethods Including Measured Horizontal 
Tail Loads. Cornell Aeronautical Laboratory deport No. 

TB U95-P-H dated 10 February, 19;>'0. 

It. 3. deckel. Suggested Nethods of Analyzing Airplane Longitudinal 
Frequency Response Data, Including a Method (Utilizing Ob- 
served Tail Loads) for Resolving the Lumped Transfer Con- 
stants b 0 and k 0 , into their Aerodynamic Components. Cornell 
Plight Research Nenorandum No. 75 dated 12 August, 19U9, 
revised 17 November, 19li9. 



26 



TABLE I 



DEHISIO 



F- >A Eerial I;o. U35169 



Principal Dimensions 


Dimensions 


A. 


Airplane - Gone al 






Dpan 


38 • lOj- in 




Length (over a] ) 


3U* 6 in. 




Height 


11 « U in. 


B. 


sing 






Aspect Ratio 


6.38 




loan Aerodyne: c Chord (ilAC) 


30.6 in. 


c. 


Empennage 






Tail length, _ i3 


Ik . 87 ft. 




Tail length, 1, 


15.338 ft. 




Aspect ratio 


5.56 




Root chord 


U.33 ft. 




Tip chord 


1.533 ft. 




Elevator hinge center line 


75m chord 



II. Areas 

A. .fine 

Total t.dng area 237.6 sq. ft. 

B. Empennage 

U3»5 aq. ft. 



Total horizontal tail area 
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TABLE I 
(continued) 



III. Hass Characteristics 

A. './eight of aircraft 


Dinens-.ons 


itai 3301 


10,313 lb. 


dim 3o63 

2. ilonent of inertia about I axis 


10,2:3 lb. 


ifcm 5301 


1 ',130 slug ft. 2 


.ion 3o60 

C. C.2. Position, 3 IIAC 


13,130 slug ft. 2 


:>un 3301 


273 


lira 30o3 

D. ./eight of tail outboard of strain 


27; 


gage installation, vr^ 

Iv. Oscillograph Trace Gonsitivrozes 
(bane for both 3063 and 3301) 


100 lb. 


6 


0.i£5 deg. / in. 


q 


k»39 deg. / sec. / in 


rio 

a 


0.33d g / in. 


V. Other particulars 

A. Pun >301, Step function data 


131 lb. / in. 


?o 


726 ft. / sec. 


P 


0.001271 slugs / ft. 3 


. I Inch Inrnbcr 


O 

• 

-3 

O 


/.ltitude 


20, ISO ft. 



20 



TADL2 I 
(continued) 



r 

M 

C L 

B. -dm 5068, Impulse function data 
Vo 

e 

Ilach Number 



Altitude 

Y 

M. 



Dimensions 
1.49 sec. 

160.8 

0.132 

733.5 ft. / sec. 
0.001258 slurs / ft. 3 
0.703 

20,230 ft. 

1.452 sec. 

158.6 
0.1278 



Vn. 
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APPENDIX A 



A METHOD FOR CONVERTING RATE GYRO FREQUENCY RESPONSE 
CALIBRATION DATA TO A FORM APPLICABLE TO TRANSIENT INPUTS 



Theory 

Because of the fact that tho rate gyro used, to measure the 
pitching velocity vras calibrated with a sine wave input, it was 
necessary to convert the calibration data in such a manner that 
it could be used for transient inputs* The • frequency response 
calibration data are presented in Fig. 1A as amplitude rate and 
phase angle versus frequency curves. 

It is assumed that the rate gyro is essentially a second 
order system and can be defined by the equation 



or 



, . 1 2 1 - 
(1) % q <>+% 

(2) q => C (X+—-2-X -V- X) 

v « w n 



where 

w n s natural frequency of the system 
» the damping ratio 

% ** pitching velocity indicated by the rate gyro, 
radians / sec. 

q « pitching velocity of airplane, radians / sec. 

C m sensitivity of the rate gyro, radians / sec. / in. 

X = displacement of oscillograph record, in. 

Therefore if and w n for the system are known, it is possible 



to determine the pitching velocity of the airplane. In the present 
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analysis Equation (2) T.*as integrated and the integral of q '.res 
obtained. This "as done in order to avo'.d talcing second slopes 
of the recorded data. 



(3) /qdt = SJT % + % + f%* t 

If ' Equation (l) is transposed to operator Tom and solved 
for the amplitude ratio of ^ / q the follovring equation is ob- 
tained: 



t 



(U) AH (s) = = 

Then by applying the vrell known "jit" 
"a" the equation becomes: 



1 




~h r 



2 t s 



n 



+ 1 



substitution for the operator 



and 



(3) AR(jw) » 
(6) | AH | = 



(1 - 




)+ki 



T J 



Tf, 



n 



) j 



1 




T7 2 

rrr 



) 2 + (2f 




r 



The phase angle, (j) , is determined as: 



(7) (j) - - arc ton ^ ^ ~^'n 

1 - ( E _)2 

w n 

fhe damping ratio, £ , for the system can be obtained by 
comparing the plot of amplitude ratio, AH, versus phase angle, , 
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to constant damping ratio curves of a standard second order 
system (Fig. 2A) . If constant damping ratio curves are not 
readily available, they can easily be plotted from Equations 
6 and 7 by assuming values of w/w n and solving for the corres- 
ponding values of AR and (j> at the desired damping ratio. 

Fig. 2A indicates that the damping ratio for the present 
system is approximately ^ = 0.13. Because of the wide scatter 
of points it is difficult to fair the data. However, as the 
pitching velocity correction is small, a small error in "ft, does 
not materially affect the resulting pitching velocity of the 
airplane. 

As £ is now known, it is possible to assume a value of w n 
and to determine both AR and (f> for each of several frequencies 
(Equation 6) . 

A comparison of the values of AR and * to points on the 
curve in Fig. 1A indicates whether the assumed value of vr n la- 
the correct one. In the present case w n *» 21.2 fits the curve 
quite well (Fig. 2k ) . 



If the values of £ = 0.13, w n » 21.2 radians / sec., and 
C * O.O 767 radians / sec. / in. are substituted into Equation (2) 
and the equation integrated, the following expression for the 
correction of the rate gyro reading is obtained! 



values of q were found by reading the slopes of this curve at the 

V * 

points desired in the calculations. 
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APPJ2JDIX B 



IIOliIZOIJTAL TAIL LOAD COrbSCTIOIJ 
FOP. IIISA7IA LOADJ 



The tail load response data shovm in Fig. 1 and 2 wore 
measured by a strain gage. The response shovm is composed of 
both aerodynamic loads and the inertia loads of the stabilizer 
outboard of the stra'n gage installation. The measured tail 
load, ^ust be corrected as follows? 



where *» weight of tail outboard of strain gage fittings. 

For the F-30A strain gage installation, ■ 100 lbs. and 
1 = 15.338 ft. Hence Equation (1) becomes 



( 1 ) 




N t - (N t ) n -f 100 nz 4 k7.6 q 



APPiEDIX C 



k k 



SA!PLS CALCUIulTTOUiJ 

A complete outline of the calculations for the stability 
derivatives for the case of the elevator step-function input 
(dun 5301) is presented below. 

The values of the basic variables, for ary one instant, 
were taken from Fig. 1 and are listed in Tables I E - IV E. 

Jill measurements of the basic variables were determined T.ithhi 
a period of one second after the elevator deflection was a .plied. 
The variable q v/as corrected for instrument calibration error 
as outlined in Appendix A. The variable Il-fc was corrected for 
the presence of horizontal tail inertia loads as outlined in 
Appendix B. 

The slope of the lift curve , Cg , was determined as fo lions 



vrhere 




v / dna 





= 0 



°L 

v = ' “ ‘ “ r n a -f *rq 

L. 



Applying the method of least squares and assuming that the 
greatest error lies in v, the normal equations are 



fL. 7 (a^) 2 





J-Z 

“'or 






1j g h C L 



(d<T Vv . d£ = 0 



The numerical values for the summations indicated from 
Table V 3 can now be substituted and the equations solved for 

C L / C L * • 

Or / 0. = 0.021223 

L L * 



since Cj, a 0.132 



then Cp = 6.22 per radical 

«< 



The slope of the lift curve for the "tail-off" condition, 



Ct , vras determined as follows: 
• u oc^ 



ry Q 

C n+ - _Ji_ y 

Of 2 

where ' y = ( -i- C n - n 2 ) 

A graph of the y variable versus time is shown in Tig. 3* This 
graph was used for detemining the values of uy for any one in- 
stant (or point) . 

Applying the method of least squares and assuming that the 
greatest error lies in Tq, the normal equation becomes 

L dy - rq . (0<3 n .) . Q. y) 

1 

The numerical v;ilues for the summations indicated from Table 
VI 3 were substituted and the equation solved for Cp / ^ • 



h f 6 



Ci / 0 Loc = -.022261 



c h = 5.93 per radian 



The values of h, C ri ^ , and vrerc determined as 

1 1 1 

follows : 



(pricy ^ & ) 'f jd t// ' r "^P rid6> 1 “ h • v;- 1 - -) 7 



-°Lad, i 

Ira - i_ 1 

C L c 



Cnt d t / r 



where 



7 ~ C L °nt - ns 
w o (for - CL ^1 C- 



2 G t 



n t 



Graphs of the variables y and are shown in Pig. 3 and p, 
respectively, These graphs were used in determining the integrals 
of the variables. 

Putting tiie above equation in the form 

A Jy-d t/r/-By - lw = - C Jc nt d t/r 

and applying the method of least squares, assuming that the great- 
est error lies in it, the normal equations become: 

vr . /c nt d 4-Z (C nt d Vr ) 2 - Vr . 

/ G n t d t/r - _|_jTy . d t /r = 0 



U7 



tj- . Jjd tfr+ h t /' r 




d t/r' 




•/y . /yd t/r = 0 



y~ Tf • y-/-~^~ / y . /c % d t/r - j/> y • /yd t/r 



- -fl: 



y 2 ** o 



Tlie numerical values for the summations indicated from 
Tables VII E - II E ivere substituted in the equations and the 



equations solved for 



C/h = - 6,6Mu7 
A/h = 30 •ljli£6 
B/n - - 3.7299U 



v/here 



C = - JL = -|4lr ( 2 - 22 ) = - 99.722U 

C L C 0*132 

therefore, h = 0.01501. 

The value of h determined from ground test of the inertia of the 
airplane was found to be h 3 0.0133 and is used for all further 
calculations • 



CL, . _ and C„ are solved for as follows : 
I3 d <9 n o£ 



B = - h ^*1 = - 3.7299U h 



5.93 



- 0.0133 ( — ) = _ 3,7299k (0.0133) 



= - 0.0102 per radical 

1 



A- s ^ncC ~h ^ = 30.uli66 h 

1 2 1 



c + Js2L 
"«i 2 



(~ 0.0102) = 3O.I0i.66 (0.0133) 

* 0.1i35lG per radian 



m 



cth 



Trie values of the combined moment derivative coefficients 
mere determined as follows: 



C L 



-u r Cl 

(°m ij~- g C nd^ } (C W ** h 



n , 






it /° c i 



(< V’*' 0 L, C — ) P d t/r- 



■'ml Cja 

^ ^ 



It /° C L 



It A C L 



= hdna 

for the step function elevator deflection the derivative d<f was- 
ta::en as d<? ■ 0 at the points in question. 

Putting the above equation in the form 

/ 



D ^ d t/f -f E iig - F (1) d t ff 



G S - hdna 



and r.'oply bn;; the method o_' least squares, cu>sunin£ th; t the 
greatest error lies In chi-, the normal creations become 

y nc ^ 1 2 • /«*! t fr - d ^ ( J^d t/7" ) . Jruj. d t Jt 

~f~ J&d t/r . yn a d t/r+G^S- Jr 1 % d t/r = 0 

n a • - -dng — ■ y n^ • J'n^ d t/r — a ( n^, ) “-y. <1 t/r 



~y~ n z • d ^ — 



0 



hdn 2 . y? d t/r - d^/riz d t/r .^T d t/r - 2/^ • d t/r* 

+ f'yy (fa d v ) 2 fs y^./jd t/r* - o 






yr<f. hdru - yy d t/r - X^f. t /*; 



G^)/ / s 0 



After substituting the n’Uieric-.l value lor the summations 
as indicated from Tables X X - XIV E, the follor/inc constants 
no re dete mined: 



djj 



D '- 0Jrt - s- 



-j — — 0.10 } — ^-VIoC ^<1(9 "* h 



C L 



o<i 



- kk »-5 * 



Cm 



1 



It 



-rnr-^r ~v~ > 



V c 



Five of the dynamic stability derivatives were solved from 
the simultaneous equations listed beloar. 



n 



a G 



a i 



n , 



C n , / 1 - 



H 



&6 

dcd 



1 l t 

3 raa<9- " Si<9 + ~XC ~ Sit 
1 



Si 



06 /M_ C 



1 it p d<f 
— • u n-,\ 



4, dod 



°L 






Ci3 t i^T L Cn^ - h — = - 0.100 



\ + 

O L 2 



oL 



Cn^^- = ** 0 . 1^1 



Substituting the known values in the above equations, ihey become 



c n ^ = O.U 352 + (\ - mf-) 



Cry^. = - 0 . 0102 -f- 0.01301 C^. 



x t 



^dcd “ 0.01301 Crj. 



de 



a t doc 



Sioc Si & = ” O.O 667 



Cn^ - /- 3*11 Cry^p. — “ O.U6l 



Solution of the simultaneous c puations yields 



C 



E 



oL 



a - 0.3242 per radian 



C^Mod = - 0.023 per radian 



= - O.OI 4 J 4 - per radian 



Cni t - - 2.’^ per radian 

dd- /dod = O.6O3 



Hie value of C„ was calculated from tine solution of the 

n S 

combined moment derivative coefficient, f, deteivrined previously 



m 






1 



(Cm + C L lt ) = - hh* 2$ 



( __i ) / 3.32U ~h 6.22 ( 2.22)7 = - ’|i>2£ 

2.22 0.132 L- J 



n 



= - 0.962 per radian 



The solution of the stability derivatives in the case of the 
imoulse-f unction elevator deflection was carried out in a similar 



manner 
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APPENDIX D 



; VARIATION IN THE FORM OF 
FOR DETERIHNING DUIA'TC 



THE EQUATIONS OF NOTION 
LABILITY DERIVATIVES 



The >e of the variable q was eliminated in this investiga- 
tion when 1 , hr .possible because of the no or rate gyro measurement 
of its tra >ient response. Hovrever, by maximum use of q, the 
use of hig. r derivatives as variables in the moment equations 
can be avoi ed and the number of variables reduced. 

Equate 1 (8) in the THEORY AND ANALYSIS section of this 
report can 1 replaced by the equation 






C 1 

—b 7 +r G m d 9. ~ r hdq - ~ 0^ = 0 

X i 



from which h, <. ^ , and C rn ^ can be readily calculated. 
^ 1 

Equation ( iU) can also be replaced by the equation 



(0 Jk. - + X + C.. ) <f 

2 c L « * yo q;* 

+ X* + So )q " hrdq = 0 

from which new combined moment derivative coefficients can be 
calculated. 

If a good rate gyro is used to obtain the flight test response 



of q, these equations may give more accurate results than the 
equivalent equations that v.'ere utilized in this report. 
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APPENDIX E 
TABLE IE 



BASIC VARIABLES 
Run 5301 



Point 

number 


Time 

(sec.) 


^(s) 




Tcf (rad.) 


■SC 

V 


1 


0.05 


-0.01061 


-0.739 


-0.011921 


-0.0126 


2 


0.10 


-o.ou+17 


+ 1.056 


-0.0283 


-0.0292 


3 


0.15 


+0.03185 


1.679 


-0.01+025 


-0.0331 


1+ 


0.20 


0.0956 


2.376 


-0.0589 


-0.0526 


5 


0.25 


0.1877 


2.350 


-o.o585 


-0.01+611 


6 


0.30 


0.283 


2.350 


-0.0760 


-0.0573 


7 


0.35 


0.379 


2.850 


-0.0335 


-0.0585 


8 


o.l+o 


0.1+71 


2.690 


-0.0879 


-0.0568 


9 


0.1+5 


0.5595 


2.585 


-0.0909 


-0.051+0 


10 


0.50 


0.61+1 


2.265 


-0.0951+ 


-0.0531 


11 


o.55 


0.720 


2.110 


-0.095U 


-0.0I+79 


12 


0.60 


0.791 


1.951 


-0.0951+ 


-0.01+32 


13 


0.65 


o.85o 


1.635 


-0.0951+ 


-0.0393 


Hi 


0.70 


0.901+ 


1.1+21+ 


-0.0951+ 


-0.0358 


15 


0.75 


0.9U6 


1.187 


-0.0909 


-0.0281+ 


16 


0.80 


0.985 


1.003 


-0 .0OI+9 


-0.0193 


17 


0.85 


1.012 


0.792 


-0.081+9 


-0I0181 


18 


0.90 


1.033 


0.739 


-0.031+9 


-0.0173 


19 


0.95 


1.060 


0.528 


-0.0835 


-0.0135 


20 


1.0 


I.080 


0.369 


- 0.0820 


-0.0107 


*VC 

V “ 


% 


+ T'Cj 


• 







TABLE II E 



BASIC VARIABLES 
Run 5301 



Point 
Hunt) or 


Tine 

(sec.) 


dS 


y* 


( c l/ 2 )y 


Gn t /2 


1 


0 . 05 ' 




-0.00163 


-j .0001076 


- 0.000303 


2 


0.10 




-0.02368 


- 0.001563 


- 0 . 0021*95 


3 


0.15 




-0.06125 


-0.00l*0l* 


- 0 . 00191 * 


U 


0.20 


f 0.00221 


-0.11510 


-9.00761 


-0.001315 


5 


0.25 


0.00221 


- 0.19930 


-0.01320 


-0.000793 


6 


0.30 


0.00221 


- 0 . 23721 * 


-0.01896 


- 0.000230 


. 7 


0.35 


0.00221 


- 0.37597 


- 0 . 021*8 


9-0.000200 


3 


o.l*o 


0.00221 


- 0 . 1 * 63 l ;9 


-0.0306 


0 . 0001*95 


9 


o.l *5 


0.00221 


- 0 . 5 U 73 H 


*0.0361 


0.000302 


10 


o. 5 o 


0.00221 


- 0.62517 


-0.01*13 


0.00101*5 


11 


o .55 


0.00221 


- 0.70105 


-o .01*63 


0.001250 


12 


o. 6 o 


0.00221 


- 0.76955 


-0.0508 


0.001I115 


13 


o .65 


0.00221 


-0.02620 


-0.051*6 


0.001570 


in 


0.70 


0.00221 


- 0.87770 


-0.0530 


0.001733 


15 


0.75 


0 


- 0.91715 


-o .0606 


0.001903 


16 


0.60 


0 


- 0 . 951*05 


-0.0630 


0.00201*5 


17 


0.35 


-0.00221 


- 0.9796 


- 0 . 061*7 


0.002138 


13 


0.90 


-0.00221 


- 1 . 001*7 


-0.0663 


0.002200 


19 


0.95 


-0.00221 


- 1.0253 


-0.0675 


0.002260 


20 


1.00 


-0.00221 


- 1 . 01*53 


-93.0690 


0.002261 



a in 

ami) 

1 

2 

3 

1 

5 

6 

7 

3 

9 

10 

11 

12 

13 

Hi 

15 

16 

17 

13 

19 

20 



TABLE III E 






BASIC VARIABLES 
.Ain 5301 



Tine 

(sec. 


dy 

) 




V 7 




feat 


0.05 


-0.3125 


-0.00002015 




-0.0000168 


-0.0003150 


0.10 


-0.760 


-0.0005062 




-0.0001258 


-0.0011215 


0.15 


-i.3ia 


-0.0019162 




-0.0001763 


-0.002231 


0.20 


-1.373 


-0 .001866 


-1.3139 


-0.0002861 


-0.003927 


0.25 


-2.655 


-0.010066 


-2.6192 


-0.0003552 


-0.005996 


0.30 


-2.655 


-0.013126 


-2.6116 


-0.0003338 


-0.003571 


0.35 


-2.655 


-0.029206 


-2 .6610 


-0.0003927 


-0 .01131I 


o.lo 


-2.655 


-0 .0I3296 


-2.6773 


-O.OOO3692 


-0.011250 


0.15 


-2.160 


-0.060336 


-2.1960 


-0.0003256 


-0.017203 


0.50 


-2.232 


-0.030116 


-2.2790 


-0.0002635 


-0.020210 


o.55 


-2.035 


-0.102366 


-2.1112 


-0.0001867 


-0.023268 


o.6o 


-1.3H0 


-0.12697 


-1.9116 


-0.0000971 


-0.023368 


0.65 


-i.6i-o 


-0.15372 


-1.7106 


0.0000051 


■0.029113 


0.70 


-1.355 


-0.18222 


-1.1323 


0.0001171 


-0.03211:0 


0.75 


-1.191 


-0.21237 


-1.2766 


0.0002103 


-0.035132 


O.uO 


-0.969 


-0.21371 


-l.OolO 


0.0003722 


-0.033331 


0.85 


-0.319 


-0.27621 


-0.9150 


0.0005115 


-0 .010-266 


0.90 


-0.671 


-0. 30961 


-O.7698 


0.0006567 


-0 .0H152 


0.95 


-0.531 


-0.31331 


—0.6325 


0.0003059 


-O.OI69H 


1.0 


-0.H6 


-0.37861 


-0.5176 


0.0009739 


-O.OI9630 



dy 



_ C L 



*</ 



2C L 



Jn t 
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TABLE r; E 



BASIC VARIABLES 
Run 5301 



Point 

Number 


Time 

(sec.) 


S (rad.) 


fa t/r 


bdnjj 


Jn z d t/r 


2 


0.10 


0.01082 


0.0003555 


O.Olljl 


-0.000712 


h 


0.20 


0.01039 


0.001097 


0.0316 


-hO.QQlM.2d 


6 


0.30 


0.01039 


0.001759 


0.0379 


0.01U39 


8 


0.U0 


0.01061 


0.002i;60 


0.0358 


0.03981 


10 


0.50 


0.01068 


0.003165 


0.0301 


0.077H 


12 


0.60 


0.01068 


0.003890 


0.0260 


0.12911 


Hi 


0.70 


0.01103 


0.00li620 


0.0189 


0.18171 


16 


0.80 


0.01111 


0.005360 


0.0133 


o.2li5n 


18 


0.90 


0.01090 


0.006100 


0.0098 


0.31281 


20 


1.00 


0.01090 


O.OO68UO 


0.00U9 


0.38361 



IABL3 V 3 



ZJODOCTJ AI-iD JUIL 0? BAoIG VA.iIAULs2L> 
FOB. DBTG-HICJATIOII OF C T 

Xj oi 

Fun 5301 



Point 

ilunber 


(6n z )(v) 


V d$ 


(dS) (dn z ) 


(d* ) 2 


(dn z ) 2 


h 


-0.12U95U 


-0.000116221; 


0.00525096 


o.oooooUSSUi 


5.65538 


5 


-0.131U1U 


-0.000101903 


0.00629850 


0.0000058851 


3.12250 


6 


-■O.I63305 


-0.000126633 


0.00622350 


o.ooooo5385i 


3. 12250 


7 


-0.166725 


-0.000129285 


0.00629350 


O.JOOOOl;831a 


3.12250 


8 


-0.152792 


-0.000125523 


0.00595590 


0. .'OOOOI408I4I 


7.23610 


9 


-0.139590 


-0.000119350 


0.00571235 


O.OOOOOU38U1 


6.63223 


10 


-0.120272 


-0.000117351 


0.00500565 


o.oooooi;38ia 


5.13023 


11 


-0.101069 


-0.000105359 


0. 00i;66310 


o.ooooo5835i 


U.U5210 


12 


-O.O0l4l857 


-0.000095362 


o.ool;31171 


0.0000053851 


3.306U.0 


13 


-0.06U2555 


-0.000036353 


0.00361335 


O.OOOOOU38U1 


2.67323 


lb 


-0.0509792 


-0.000079113 


0.00315705 


O.OOOOOl;331a 


2.02778 


15 


-0.0337108 


0 


0 


0 


1.U0397 


16 


-0.019859U 


0 


0 


# 

0 


1.00601 


17 


-0. 0153352 


-fO.OOOOkOOOl 


-0.00175032 


o.oooooUSGla 


0.62726U 


18 


-0.01278U7 


0.000033233 


-0.00163319 


O.OOOOOU38U1 


0. 556121 


19 


—0.0071280 


0.000029335 


-0.00116633 


0.j0000l;38Ul 


0.273735 


20 


-O.OO39U03 


0.0000236U1 


-0 . 0008151 # 


O.OOOOO50351 


0.136161 


Total 


-1.3913080 


-0.001071750 


+0.05117920 


0.0000732615 66.02U260 
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TABLE VI S 



Point 

Hunbcr 


PRODUCTS ADD jUlb OP BASIC VARIABLES 
FOR DPT Eii.ZLATIOlI OP C T ~ 

L 1 

Run 5301 

-rcjW ..cl y(cbr) c, t ^ 

2 2 


(dy) 2 


6 


0.110616 


0.0162916 


0. 00266957 


3.52603 


. 5 


0. 155310 


0.0350660 


0.00211869 


7.06903 


6 


0.201780 


0 . 050338 G 


0.000762736 


7.06903 


7 


0.221693 


0.0653660 


-0.000529673 


7.06903 


0 


0.233375 


0.0812630 


-0.00131623 


7.06903 


9 


0.22361!; 


0.0888060 


-0.00197292 


6.05160 


10 


0.212933 


Q.0921G16 


-0.00233216; 


6.93132 


. 11 


0.198909 


0.0966313 


-0.00260625 


CM 

C*— 

• 


12 


0.176299 


0.0933731; 


-0 .00261692 


3.10-510 


13 


0.156656 


0.0895660 


-0.00257680 


2.68960 


16 


0.129267 


0.0735900 


-0.00236756 


1.33603 


15 


0.100262 


0.0721766 


-0.00226538 


1.61368 


16 


0.0322681 


0.0610670 


-0.00198161 


0.938961 


17 


0.0695331 


0.0529893 


-0.00175061 


0.670761 


13 


0.0569679 


0.06l;6873 


-0.00167620 


0.650251 


19 


0.0635135 


0. <192175 


-0 .00131306 


0.337561 


20 


• c. 0365720 


0.0307760 


-0.00100861 


0. 198916 


Total 


2.6223750 


1. 0868860 


- 0.02075800 


59.059300 



TABLE VII E 



PRODUCTS AND JUI13 0? BAoIC VAPLABLES 
POR "TAIL OF?” GO: lUlDE tATIOUE 

Run 5301 



Point 

Number 


y / Id t/r 


vr J'y d t/r 


( /yd t/r )« 

( / C^d t/r ) 


( /yd t/r ) 2 


k 


0.000560077 


0.00885077 


0.00000139216 


0.0000236780 


5 


0.00201119 


0. 0263614k 1 


o.ooooo3575kk 


0.00010132k 


6 


0.00520651 


0.0k78822 


0.0000070k739 


0.000323552 


7 


0.0109806 


0.0778039 


0.000011k692 


0.000852990 


0 


0.0200673 


0.1159114 


0.0000l593k9 


0.00l87k5k 


9 


0.0330517 


0.150723 


0.0000196617 


0.0036k6k7 


10 


0.05010k9 


0.182653 


0.0000211185 


0.006k2333 


11 


0.0717637 


0.219186 


0.0000191117 


0.010k738 


12 


0.0977098 


0.2k27'i6 


0.0000123288 


0.016121)4 


13 


0.127003 


0.262953 


-0.000000733972 


0.0236298 


lit 


0.15993k 


0.261085 


-0.0000213926 


0.03320kl 


15 


0.19U775 


0.271112 


-0.0000510325 


o.ok5ioio 


16 


0.2325k 


0.258608 


-0.0000907200 


0.059k092 


17 


0.270605 


0.252760 


-0 .000110.297 


0.0763035 


18 


0.311095 


0.238361 


-0.0002033)0. 


0.0953769 


19 


0.352711 


0.23k671 


-0.000277101 


0.113226 


20 


0.395982 


0.2073k3 


-0.000368757 


0.1k3363 


Total 


2.336101 


3.058936 


-o.0010k3 


0.63k975 
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TAELE VIII E 



. AOEUCTa jl.E l jU ~ .. j Ox* 3xwJ_o Vl,iEx3Xx_ji_j 

poe "tail op?" co:tjida?uATIo::j 
Pun >301 



Point 

liuriber 


yvr 


?f c n t d V'T 


y 2 


h 


0.209395 


0.0000329301 


0.0132I+80 


5 


0.523306 


0.0000709690 


0.039920 


6 


0.758782 


0.000111679 


0. 0025068 


7 


1.001573 


O.OOOH-76U3U 


0.110-353 


8 


I.2U088 


0.000171121 


O.21I+823 


9 


1.36615 


0.000173211. 


0.299581 


10 


1 . 1 + 21-76 


0.000161+732 


0.290838 


11 


1.50109 


0.000130336 


0.1+911+71 


12 


1.1+7107 


0.000071+7233 


0.592207 


13 


1. 10-330 


-0 .000001+21362 


0.632606 ' 


Ik 


1.25757 


-0.00010301+2 


0.770357 


15 


1.17083 


-0.000220391 


0.31O.16U 


16 


1.01225 


-0.000355097 


0.910211 


17 


O.89633U 


-0.000501065 


0.959616 


18 


0.773U18 


-0.000659736 


1.0091+2 


19 


0.700109 


-0.000826692 


1.05227 


20 


0.57268 


-0.0010135 


1.09370 


Total 


17.2931^7 


-0.002601 


9.535292 
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TABLE IX 3 

PRODUCTS AX'D oUTH OF BASIC VA JA3LES 
FOR "TAIL OFF" CONSIDERATIONS 



Point 

Number 


Run 5301 

w d */r 


( /C nt dt/r ) 2 


k 


0*000520337 


0.0000000318532 


.5 


0.000930322 


0.000000126167 


6 


0.00102707 


0.000000151165 


7 


0 . 0010 l* 6 ll* 


0 . 000000151*213 


0 


0 . 00098314 a 


0.000000136309 


9 


0.000312698 


0.000000106015 


10 


0.000600517 


0.0000000691*32 


11 


0.000399762 


0 . 0000000 3 U 8569 


12 


0.000185616 


0 . 0000000091 * 281 * 


13 


-0.000008721*06 


0.00000000002601 


Hi 


-0.000168211 


0.000000013733 


15 


-^.000306767 


0.000000057714* 


16 


- 0 . 000391 * 901 * 


0.000000138533 


17 


- 0 . 0001*67702 


0 . 000000261271 * 


13 


- 0.000505523 


0 . 0000001*31255 


19 


- 0.000550027 


0.00000061*91*75 


20 


- 0.000533303 


0 . 00000091 * 81*81 


Total 


0.0035766 


0.00000339U1 



TABLE 



A ilj 



PRODUCTS AID aiES OP BAoIC VARIABLE^ 
?0A DETSiCIIIIATIOi: OP LUMPED COIBTAMTS 

lion 5301 



Point 

Ilunber 


n z '/ n z d V-T 


( fr^d t/-r )•( f& d 


t/r ) Jjn z d t /-r 


2 


0.0000100390U 


-0. 300000253116 


-0. 000007 7030U 


h 


0.000136517 


+0.000001JJ09l|Q 


+ 0.000011183692 


6 


0.00U07180 


0.0000253085 


0.00Gllt9lt91 


3 


0.0187^96 


0.0000979277 


0. 000^22363 


.10 


0.0U9U262 


0.0002U10U7 


0.000823513 


12 


0.09860i> 


0.000U86670 


0.00133615 


lit 


0.16U261; 


0.000339U91- 


0.00200lj2lv 


16 


0.2lali31 


0.00131379 


0.00272315 


13 


0.32U695 


0.00190313 


0.003h096l 


20 


O.Islii297 


0.00262388 


0.00hl3l33 


Total 


1.3l60h2 


0.0075^050 


0.0150570 
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TABLE XI E 



PRODUCTS AHD SUMS OF BASIC VARIABLES 
FOR DETERinnATIOH OF LUMPED CONSTANTS 



Point hdoj / n^d t/-r 
Ihunbor' J 



Run 5301 

( ngd t/r ) 2 



na Ji d t/V 



2 


-0.0000100036 


0.0000005069141 


-0.000005037. 


It 


+ 0.0000451243 


0.00000203910 


+ 0.000101049 


6 


o.ooo51t53o5 


0.0002070145 


o.ooo 497797 


0 


0.00142513 


0.00158468 


0.00115866 


10 


0.00232095 


o.oo59lt56lt 


0.00202677 


12 


0.00324655 


0.0156520 


0.00307699 


lit 


o.oo3liiii55 


0.03300178 


0.00417648 


16 


0. 00326971 


0.0600779 


0.0052796 


10 


0.00307177 


0.0973488 


0.00633180 


20 


0.00187963 


0.147155 


0.00738720 


Total 


0.0192358 


0.361491 


0.03003331 
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TABLE XII E 



I )DUCTS AND SUIS3 OB BASIC VARIABLES 
F l DSTBAIIIHATIOn OF LUIIPED CONSTANTS 

Run 5301 



Point 

Number 


[£) 






2 


-O.OOC $3319 


- 0.000199039 


0.0002007G9 


h 


*0.00C >32814. 


+ 0.00302096 


0.00913936 


6 


0.00; 4037 


0.0107257 


0.0800890 


8 


0.001 >731 


O.O160618 


0.22181a 


10 


CO 

CO 

\£\ 

O 

o 

• 

o 


0. 019291a 


o.iao33i 


12 ■ 


O.OOf 4780 


0.0205261+5 


0.625681 


1U 


0.00$ '112 


0.0171218 


0.817216 


16 


0.01C ;3li 


0.0131399 


0.970225 


18 


0.01] U|2 


0.0101932 


I.077I+I4O 


20 


0.011 ’20 


0.0052920 


1.1661+0 


Total 


0.060 ; 21 


O.H5977 


5.379113 
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TABLE XXII E 



PRODUCTS AI'ID 3UIB 0? B ASIC VARIABLES 
FOR DETER' HIATIOH OF LUI.IPED CONSTANTS 

Run 5301 



Point 

Number 


t/r 


hdn z JS'd t/r 


( fs d t/r- ) 2 


2 


0.00000385651 


0,00000599573 


0.000000126380 


5 


0.0000109822 


0.0000335012 


0.00000111725 


6 


0.0000182760 


0.0000666661 


0.00000309508 


8 


0.0000261006 


0 . 00-00830680 


0.00000605160 


10 


0,0000338022 


0.0000952665 


0.00000017225 


12 


o.oooo 5 i 5552 


0.0001009555 


0.0000151321 


lit 


0.0000509536 


0.0000875023 


o.oooo 2 i 35 ii 5 


16 


0.0000595596 


0.0000715025 


0.0000287296 


18 


0.000066590 


0.0000599020 


0.000037210 


20 


0.0000755560 


0.0000335160 


0.0000567856 


Total 


0.000386107 


0.000651765 


0.000169603 



uo 



TABLE XIV E 



PRODUCTS AIID SUES 0? BASIC VAiilABLES 
FOIL DETEiUilEATIOlI OP LUMPED COHSTAXTS 

Run 5301 



Point 

Uuriber 


& (hdnj,) 


S 2 


2 


0.000152021 


0.000117072 


4 


0.90032832li 


0.000107952 


6 


0.000393731 


0.000107952 


3 


0.000379838 


0.000112572 


10 


0.000321463 


0.000114062 


12 


0.000277146 


0.000114062 


lit 


0.000208908 


0.000121661 


16 


0.000148207 


0.0001234321 


13 


0.000107023 


0.000118310 


20 ' 


0.000053410 


0.000113810 


Total 


0.002370141 


0.001156385 
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TABLE XV E 



BASIC VARIABLES 
Hun 3068 



Point Tine 
Uuriber (sec.) 


* M 




+^(rad.) 


V* 


df 

i 


2 


0.10 


-o.oiiai* 


1.3i*0 


-0.0262 


-0.0271 


-0.021*33 


3 


o.i3 


+0.0319 


1.132 


-0.033U 


-0.0311* 


-0.02020 


k 


0.20 


0.0921 


1*933 


-0 .01*91* 


-0.01*33 


0 


3 


0.23 


0.173U 


1.933 


-0.0623 


-0.0311; 


0.01728 


6 


0.30 


0.21*63 


2.160 


-0.0639 


-0.01*82 


-0.001*33 


7 


0.33 


0.322 


2.160 


-0.0639 


-0.01*33 


0 


8 


o.i*o 


0.396 


2.160 


-0.0639 


-0.0386 


-0.26200 


9 


o .1+3 


0.U70 


0.319 


-0.0323 


-0.0220 


f 0.0201*3 


10 


o.3o 


0.1*97 


0. 


-0.0392 


-0.0071* 


+ 0.02300 


11 


o.33 


0.1*9i* 


-0.308 


-0.0233 


O.OO83 


0 


12 


o.6o 


O.U6J4. 


-0.772 


-0.0138 


0.0139 


0.001*31 


13 


o.63 


0.1*23 


-1.231* 


-0.00872 


0.0186 


0 


Hi 


0.70 


0.390 


-I.23I* 


0. 0036ii 


0.0283 


0 


13 


o.73 


0.330 


-1.231* 


0.00631; 


0.0289 


0 


16 


o.8o 


0.298 


-1.231* 


0.00726 


0.0263 


0 


17 


o.83 


0.21*8 


-1.231* 


0.00872 


0.021*6 


0 


18 


0.90 


0.209 


-1.338 


0.00872 


0.0221 


0 


19 


0.93 


0.139 


-1.330 


0.00872 


0.0189 


0 


20 


1.00 


0.122 


-0.722 


0.00872 


0.0163 


0 


V a 


Cl , 


-rcj 











2 



r r> 



O-* 



TABLE ::vi 3 

BASIC VArtLiBLEo 
Bun 5063 



Point 

ITunber 


Tine 

(see.) 


y* 


~ • r 


°n t /2 

I 


dy 


2 


0.10 


-0.00397 


-O.OOO25 


-0.001153 


-1.158 


3 


0.15 


-o .0^357 


-0.00278 


-0.00075.6 


-1.316 


5 


0.20 


-0.009938 


-3.0063U 


y-0. 000565 


-2.090 


3 


0.2^ 


-0.17316 


-0 .01103 


0.00001555 


-2.090 


6 


0.30 


-0.25557 


-0.01568 


0. )0005305 


-2.090 


7 


0.35 


-0.31579 


-0.02015 


o. 000398 


-2.090 


8 


o.5o 


-0.37731 


-0.021O0 


0.001193 


-2.090 


9 


o.55 


-0. 55205 


-0.02890 


0.001660 


-1.600 


10 


o.5o 


-0.U7100 


-O.O3OIO 


0.1662 


-0.262 


11 


o.55 


-0.57130' 


-0.03015 


0.001520 


9-0.262 


12 


o.6o 


-0.55-520 


-0.02335 


0.001265 


0.386 


13 


0.65 


-0. 51105 


-0.02630 


0.001032 


1.091 


15 


0.70 


-0.37565 


-0.021400 


0.000386 


1.211 


1? 


0.75 


-0.33330 


-0.02165 


0.000716 


1.211 


16 


o.8o 


-0.23902 


-0.013) .6 


0.000552 


1.2H 


17 


o.85 


-0.21*236 


-O'. 01559 


0.000361 


1.211 


18 


0.90 


-0.20550 


-0.01311 


0.000225 


1.211 


19 


0.95 


-0.15679 


-0.01002 


0.000161 


1.211 


20 


1.00 


-0.12016 


-0.00770 


0.000105 


1.211 



•» 




y 
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TABLES XVII E 



BASIC VARIABLES 
iJun 5068 



Point 

number 


Tine 

(sec.) 


jyd t/r 


yT 


d Vr 


M 


2 


0.10 


-0.0002063 


-1.0921* 


-0.00007672 


-0.00126 


3 


0.13 


-0.0009733 


-1.7002 


-0.00011*312 


-u .00221* 


u 


0.20 


c ^\ 

ro 

O 

O 

• 

o 

1 


-2.1121* 


-0.000131*02 


-0.00372 


3 


0.23 


-0.0031233 


-2.0907 


-0.00019932 


-3.00565 


6 


0.30 


-0.0132333 


-2.0928 


-0.00019707 


-0.00793 


7 


0.33 


-0.021*3035 


-2.1091 


-0.00013331 


-0.01023 


8 


o.l*o 


-0.0367235 


-2.11*73 


-0.00013171 


-0.31236 


9 


o.U3 


-0.0511235 


-1.6799 


-3.00003191 


-0.011*28 


10 


o.3o 


-0.0670235 


-0.31*15 


+ o , 00008609 


-0.01590 


11 


o.33 


-0.0332235 


Y-0.1933 


0.00019209 


-0.01696 


12 


0.60 


-0.0991235 


0.8253 


0.00023219 


-0.01752 


13 


0.63 


-0.1133735 


1.01*31* 


0.00036029 


-0.01738 


11+ 


0.70 


-0.1273735 


1.1681* 


0.0001*2629 


-0.01799 


13 


0.73 


-0.1391*035 


1.1766 


0.0001*8069 


-0.01781 


16 


0.80 


-0.1500035 


1.1850 


0.00052269 


-0.01758 


17 


0.85 


-0.1591735 


1.1937 


0.00055399 


-0.01725 


18 


0.90 


-0.1669235 


1.2002 


0.000571*61* 


- 0.01697 


19 


0.93 


-0.1731835 


1.2033 


0.00053339 


-0.01665 


20 


1.00 


-0 .17301*35 


1.2060 


0.00059731+ 


-0.01639 



•M* 



* ~ ** - (°L<4 / 20 1 ) (W 

"t 
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TACIT XVIII E 



BASIC VAilIABLSS 
Ilun 5068 



Point 

llunber 


Time 
(sec. ) 


(rad.) 


fed t/r 


hdn a 


t/r 


2 


0.10 


0.00926 


0.000314; 


0.01915 


-0.000757 


4 


0.20 


0.00790 


0.000931 


0.0274 


+ 0.001303 


6 


0.30 


0.00837 


0.001492 


0.0308 


0.013343 


0 


0.40 


0.00185 


0.001972 


0.0288 


0.035543 


10 


OoO 


0.00028 


0.001957'' 


0.0021 


0.067793 


11 


0.55 


0.00028 


0.001966 


-0.0041 


0.084693 


12 


0.60 


0.00028 


0.001966 


-0.0113 


0.101443 


13 


0.65 


0 


0.001966 


-0.0171 


0.116743 


1 1* 


0.70 


0 


0.001966 


-0.0171 


0.130743 


15 


0.75 


0 


0.001966 


-0.0171 


0.143253 


16 


0.80 


0 


0.001966 


-0.0253 


0.153993 


17 


0.85 


0 


0.001966 


-0.0171 


0.163453 


18 


0.90 


0 


0.001966 


-0.0178 


0.171393 


19 


0.95 


0 


0.001966 


-0.0151 


0.177863 


20 


1.00 


0 


0.001966 


-0.0113 


0.182603 
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TABLE XIX E 

PRODUCTS AND BULL OF BASIC VARIABLES 
FOP. DETER! XITATIOrl OF C T , 

±o( 

Run 5068 



Point 

Number 


vdn z 


vd^ 


(d<f )(dna) 


(df) 2 


(dn^F 


2 


-0.036311; 


0.000673535 


-0.033299 


0.0006160 


1.795600 


3 


-0.0355558 


0.000635280 


-0.0228665 


0.0005080 


1.231525 


5 


-0.0859555 


0 


0 


0 


3.315209 


5 


-0.1003852 


-0.000888192 


+ 0.03375785 


0.0002982 


3.815209 


6 


-0.1051120 


•f 0.000203706 


-0.00935280 


0.0000188 


5.665600 


7 


-0.0939600 


0 


0 


0 


5.665600 


8 


-0.0833760 


0.01011320 


-0.5659200 


0.0686000 


5.665600 


9 


-0.CH5200 


-0.000551000 


+0.01061355 


0.0005185 


0.269361 


11 


-0.0025561; 


0 


0 


0 


0.095865 


12 


-0.0122753 


+0.000063529 


-0.00332732 


o.ooooi355 


0.595935 


13 


-O.C22952U 


0 




0 


1.522756 


15 


-0.0351690 


0 




0 


1.522756 


15 


-0.0356626 


0 




0 


1.522756 


16 


-0.032U5U2 


0 




0 


1.522756 


17 


-0.0303565 


0 




0 


1.522756 


18 


-0.029569B 


0 




0 


1.790255 


19 


-0.0252882 


0 




0 


1.790255 


20 


-0.0119130 


0 




0 


0.521285 


Total 


-0.7882638 


0.010359183 


-O.590501ll3 


O 

■ 

O 

—O 

O 

UD 

CO 

O 

vn 


37.378003 
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TABLE 



*yv :? 

iwi 



PRODUCTS ADD SUI.IS OF BA.,IC VARIABLES 
FOR DETERS ITFATIOm 1 OF C L <y 






Run 5068 



Point 

Number 


Tf(d iy) 


Cn t , 

2 * 


Ct 

y(dy) 


(ctr) 2 


2 


0.0300776 


0.00132933 


0.0002901*1* 


1.31790 


3 


o«o6o6^1|li. 


0.001351*71* 


0.0050U8U8 


3.29786 


1* 


0.10321*6 


-0.000971350 


0.0132506 


1**36310 


5 


0.130625 


-0.0000322905 


0.0231572 


!*• 36810 


6 


0.133551 


-0. 000110871* 


0.0327712 


1*. 36310 


7 


0.133551 


-0.000831820 


0.01*21135 


1*. 36310 


8 


0.133551 


-0.0021*9337 


0.0503690 


1*. 36310 


9 


0.0836800 


-0.00265600 


0.01*621*00 • 


2.5600 


11 


-0.00667988 


fO. 000371330 


-0.007881*23 


0.068382 


12 


-0.0122268 


0.00112079 


-0.0251181 


0.781*996 


13 


-0.00951352 


0.00112591 


-0.0286933 


1.190230 


li* 


-f-0 .001*1*0199 


0.00107295 


-0 .0290640 


1.1*6652 


15 


; 0.00791991* 


0.000867076 


-0.0262182 


1.1*6652 


16 , 


0.00879186 


0.000656362 


-0.0223551 


1.1*6652 


17 


0.0105599 


0.0001*37171 


-0.0187581* 


1.1*6652 


10 


0.010 5599 


0.000293062 


-0.0158762 


1.1*6652 


19 


0.0105599 


0.000191*729 


-0.012131*2 


1.1*6652 


20 


0.0105599 


0.000126307 


-0.009321*70 


1.1*6652 


Total 


• 0.81*1*1*69 


0.00185360 


0.017811*0 


11.325558 
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TABLE XXI 2 



PXQDUC To A1TD _>U1L 02 BA JIG VARIABLES 
POP "TAIL OIL?” COIiJlBB-lATIOIIJ 

Run 5068 



_ J oint 

Ilunber 


7 Jj& t/r 


47 yyd t/r 


(_/jl t/rK Jcn^d t/r) 


2 


0.000000819805 


0.000225581 


0.0000000153U27 


3 


0. 00001-2 la5U 


0.00173302 


0.000000139327 


k 


0.000332260 


0.0070626U 


0.000000615271 


5 


0.001l£>665 


0.016981a 


0.00000162321; 


6 


0.0037lll;26 


0.031922U 


0.00000300601 


7 


0.00783270 


0.0523131 


0.00000U54673 


8 


0.0138561 


*0.0788561; 


O.OOOOOU83685 


9 


0.023110!; 


0.0858821; 


0.00000163135 


11 


0.039261$ 


-0.0160871 


-0.0000159361; 


12 


O.OU10307 


-0.0313017 


-0.0000279717 


13 


0. 0)4.68977 


-0.118503 


-0.0000100275 


li; 


0.01478U66 


-0.1i;3823 


-0.00005U2930 


15 


O.0U72299 


-0.l61;022 


-0.0000670099 


16 


0.01I335U0 


-0.17775U 


-0.0000781;053 


17 


0.0385773 


-0.180002 


-0.0000881805 


18 


0.03U3019 


-0.2003l;6 


-0.0000959209 


19 


0.0271526 


-0.208383 


-0.000101899 


20 


0.0213937 


-0.21U720 


-0.000106353 


Total 


O.UU0375 


-1.235552 


-0. 000660637 



7 4 



TABLE mi E 

PRODUCTS All D 3UIi> OF BASIC VARIABLES 
FOR "TAIL OFF" C0!ISlD2Pu\TI02iS 

Ran p068 



Point 

Munber 


( f ' J & t/r ) 2 


yvr 


y /cn t d t/r 


2 


0.0000000426423 


0.001^33683 


0. 000000304578 


3 


0.000000947702 


0.0775633 


0.0000062357I1 


4 


0.0000111790 


0.209915 


0.00001O2870 


3 


0.0000659913 


0.362029 


0.0000346004 


6 


0.000232669 


0.513715 


0.0000483746 


7 


0.0006l$2l4 


0.666033 


0.0000578875 


8 


0.001311862 


0.810198 


0.0000496955 


9 


0.00261361 


0.759399 


0.0000144249 


11 


0.00692615 


-0.0911989 


-0.0000906281 


12 


0.00932547 


-0.366576 


-0.000125349 


13 


0.0129672 


-0.428390 


-0.000148382 


Hi 


0.016221-0 


-O.U38898 


-0.000160132 


13 ' 


0.0194333 


- 0.398632 


-0.000162858 


16 


0.0225105 


-0.342489 


-9.000151068 


17 


0.0253362 


-0.289300 


-0.000134265 


18 


c. 02786 35 


-0.246641 


-0.000118086 


19 


0.0299925 


-0. 188656 


-0.0000922507 


20 


0.0316995 


-0.llilj.913 


-0.0000717764 


Total 


0.207657 


0.14136995 


-0.00102498 
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TA3LE XX.LJ-i £, 

PP 0 DUCT 3 AITD 0 ? BAoIC VAPIABL 23 

?011 "TAIL 007 " COuJlDiiAATIOIb 

Aan 50o8 



Point ' 
Uunber 


y 2 


w d W 


( /Cn t d t/r ) 2 


2 


0.0000137609 


0.0000833039 


0.00000000338396 


3 


0 . 3018983!; 


0 . 00023 U 732 


0. 0000000 20U8 33 


k 


0.00987339 


0.000333713 


0.000000033863!; 


3 


0.0299837 


O.OOOij .17772 


0.0000000399230 


6 


0.0602330 


0 . 000 lil 2 li 26 


O.OOOOOOO308366 


7 


0.0997233 


0.000336619 


0.0000000336026 


8 


o.H 1.2363 


0.000232821 


0 . 0000000173 li 73 


9 


0.20U3U9 


0.0000336036 


0.00000000101823 


11 


0.222393 


0.0000371310 


0.0000000363986 


12 


0 . 197311 ; 


0.000232877 


0.0000000796312 


13 


0.169612 


0. -.00373206 


0.000000129809 


Hi 


O.H4IIO3 


0 . 000^93077 


0.000000131723 


15 


0 . 111;783 


0.000363330 


0.000000231063 


16 


0.0833326 


0.000619383 


0.000000273203 


17 


0 . 0337331 ; 


0.000661287 


0.000000306903 


13 


O.OU 22282 


0.000689700 


0.000000330211 


19 


0 . 023,3813 


0.000707993 


0 . 0000003 l ;6203 


20 


0 . 0113 ; 33 l; 


0.000720392 


0.000000336313 


Total 


1 . 617391 ; 


0.007339376 


0 . 000002 l; 63 l ;3 



TABLE XXIV E 



PRODUCTS AXD SUIS OP BASIC VARIABLES 
FOR DETEiil.IIIIATIOiJ OF LUMPED CONSTANTS 

Run ^063 

(cl S and S assumed to a 0) 



Point 

Number 




( /n z d t/rX fs d t /r) 




2 


0.000010701* 


-0.000000260 1*03 


-0.0000131*397 


h 


0.000120006 


-h 0.00000121309 


~h 0.0000333780 


6 


0.00328638 


0.0000199078 


0.000363611 


8 


0.01ii0750 


0.0000700903 


0.00102136 


10 


0.0336931 


0.000132671 


0 


12 


O.Oli70696 


0.0001991*37 


-0.0010l*03l 


Hi 


0.090921^ 


0.00029701*1 


-0.00211*91*9 


16 


0.0U 90129 


0.000302790 


' -0.00292703 


18 


0.0398211 


0.000336999 


-0.003090Q0 


20 


0.02221410 


0 .000390997 


-0.00179299 


Total 


0.29305U 


0 .00167091 


-0.00909126 
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TABLE XXV B 

PXODUCTj AND DIES OF 3AwIC vajiiablee 
FOE DETEPimJATIOIJ OF LUII’ED COI'JTAIITo 

I Am 5063 

(d 5 and. o assumed to *» 0) 



Point 

Number 


( fn z d t/r ) 2 


xig / f d o/y 




2 


0.0000005730^9 


-0.00000lt36ul6 


-0.000251975 


U 


0.00000169781 


-/-0.0000357U51 


-f- 0 . 00239 li .60 


6 


0.000173036 


0 . 0003671^0 


0.00703113 


8 


0.00126330 


0.000730912 


0.011385 


10 


O.OOU59589 


0.000972629 


0 


12 


0.0102907 


0.00091222l> 


-O.OOli76o6U 


1U 


0.0170937 


0.00076575? 


- 0.00639170 


16 


0.0237133 


0.000531-G85 


-0.00l;o3l93 


18 


0.0293756 


' 0.000lao894 


-0.00372020 


20 


0 . 0333 U 39 


0.000239U59 


-O.OOH 6928 


Total 


0.119356 


0.00511512 


- 0 . 0003150 U 5 



TABLE XXVI E 



PRODUCTS AID oIT.L 0? BAoIC VA-iIAELEE 
FOP. DETSPEEATIOj OF LUIIPED COXoTAIITO 

Pan 3063 

(d/ and £ assuned to = 0) 



Point 
I lumber 


«z 2 


hdru J’i d t/r 


( /a t/r )2 


2 


0.00019 9 9l|0 


0.00000613003 


0 . 00000011 G 336 


h 


0.008U82la 


0.0000 2l*20o0 


0.000000366761 


6 


0.0606637 


O.OOOOU28930 


0.00000222606 


3 


0.136816 


0.0000366930 


0.00000338:78 


10 


0.2U7009 


0 


0.00000382983 


12 


0.213296 


-0.0000201712 


0.00000336316 


Du 


0.131710 


-0.0000322621 


0.00000336316 


16 


0.0883063 


-0.0000322621 


0.00000386316 


13 


O.Oh363l 


-0.00003U99U8 


0.000003C6316 


20 


0.01^3332 


-O.OOOOI 08736 


0.00000386316 


Total 


0.987200 


-0.0000138736 


0.00000386316 



JU 27 62 



1114 6 



18.194 



Tresi s 

Dl69 Davids 

-i Ja i ** e eq*u- 

C •!. « yyvresli or ^“ lOIi 0x 

^ motion ret’r-a... 



i -,-1 oris 

JU 27 6 2 



1114 6 



l 



Thesis 

d/69 
t.i 



...Ties 



•' lives on 



18194 



tie equations 



of notion method for the evalua- 
tion of the longitudinal dynamic 
stabilit derivatives of the F-8CA 
from transient response data. 
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